Undersea Warfare Center Division




Division HEADQUARTERS
Keyport, WA : . Newport, RI

Division
Newport, RI

Detachment
Hawthorne, NV

Detachment
Hawaii/SOCAL et . West Palm Beach, FL
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DIVNPT Personnel (30 April 97): :
Civilian: =2974 Ang;%séﬁéind
Military: =60

DIVNPT FY97 Annual Budget: ~$750.0M Plant Value / Land: ~$1.3 Billion*
Buildings: ~$526 Million** Land Owned / Leased: 1049 Acres

* ACQUISITION COST * CURRENT VALUE
N1810-GA-96(N)-0522U.M20 7146-TLS
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Entire undersea warfare system for all submarine missions
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Combat Systems

Tactical warfare system for surface ship USW
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High Hp Torpedo Motor
Counter-Rotating
Forward Only

Cots Radial Field
Counter-Rotating

' 0- _12 Knots
LDATV Motor RUlet  ing Toraue
1993 o9 on

...72:y UUV and Torpedo Motor Technology
Development

LDUUV Motor System
1995

21UUV Motor System
1996

Integrated
Motor / Propulsor
1999

Cots Radial Motor
Single Rotation
Controller Upgrades
0-18 Knots

Reverse and Hover

Quiet

Low Cogging Torque

Permanent Magnet Motor
Hybrid Radial/Axial
Configuration

Compact, Lightweight
Low Cogging Torque
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Energy

Li - ion Rechargeable

Al-AgO Primary

Hybrid Battery

Wakeless, Low Radiated & Self Noise, No-Turnaround Exercise
*High Power Density Primary (Al-AgO) for Tactical Warshot

*High Energy Density Rechargeable for Exercise

Integrated
Motor &
Propulsor (IMP)

35% Volume Increase in:
*Increased Payload =

eIncreased Energy \ st =t

Increased Reliability
*Reduced Machinery Complexity

IMP PM Drive

Pavoff for Torpedo

Combined IMP/Hybrid - Affordable, Quiet, Increased Payload & High Performance



Payoff

» 50% more Coercive Force =
50% more Motor Power

» Torpedo IMP not possible
with current State of the Art
Magnets

» Makes Concept Feasible for
Torpedo Power Levels

UUV IMP Power (hp)
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Magnet Strength Tradeoff Study

(Unmanned Underwater Vehicle Integrated Motor Propul sor (UUVIMP))

Power v.s. Magnet Strength

(Dimensions and I nput Parameters Held Constant)
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Unowries Warfare Caurer

Permanet magnet rotor & Screw

=2 Technical Approach @i

Shroud/Stators
Afterbody
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Fwd shroud Stator Windings

IMP Concept

SBD Model
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MOTOR
CONTROLLER

Current UUV Propulsion Arrangement

Current 21UUV Proposed IMP Delta Percentage %
Electric Drive System System Saving ‘ A
Weight (Ib) 624 200 424 68 #y

Gimbaled IMP

2D Slotless PMAC Motor Model

Volume (ft3) 10.36 5.5 5.5 47

Length (in) 66.43 30 36.43 55

Projected IMP Tradeoffs
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Measured and FEA Calculated Back-EMF
Waveforms Comparison

Magnetic Analysis

UuV with IMP
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Hydrodynamic Analysis

Operational
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CURRENT 21" UUV ARRANGEMENT UUV AB/TC: 66.43 inches, 624 Ibs

Increased Reliability
Increased Efficiency.

Increased Affiordability:
Reduced Maintenance
Reduced Signatures

Integrated Motor Propulsor:
30 inches, 200 Ibs
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|NnCcreases in
IMP Power

40-hp IMP Prototype

+  Polyurethane Coating on Stator (0,030 thick  on end tums and 10)
b

‘\\ o Alum Ring (0.002"-0.004" interference on Diamater)
£ *
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__ Three {3) Themmstors in Slot Near 1D of stator
ar Thermistor / phase, 120° slots)

y Three {3) Thermistors
1207 Apart; Clocked B From Sht
| | Theemistors; 1 Thermistors phase)
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| 30000

| f(xy-Cast BBSOFT-LY with RT-1 Activator)
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Magnet (Ne-Fe-B 1,26 Br; 38 MGOe; 7n Pate)
Rotor ID & Ends Coated with 0.030" Thick Polyurethane  — ' Rotor Back Iron (10718 Steel); Zn Plate
Note that the clear radial gap will be 0.040" at room temperature

Backiron 10 = 18.000"
Backiron 00 = 18.350"
Magnet Thickness - 0,140"
Magnet Length = 1.00"

Magnet Angle - 5° Drum Motor Section
Stater Stack Length - 1.050" REV-C
8/25/00

10-hp IMP in production

Applications to:

« UUV

 Lightweight Torpedo
* Heavyweight Torpedo
e Submarine Propulsion

Propulsor Flowpath

Power Electronics Propulsion Motor

——

100-hp IMP concept design



